This PDF file includes:
Relative SLR influence on extreme sea level and CF Bivariate validation Univariate return periods Fig. S1 . Relative SLR influence on extreme sea level and CF. land uplift/subsidence projections (41). Here, we use SLR projections based on the median of land-ice scenarios of water contributions from ice sheets and glaciers (18) . Fig. S1A shows the (empirical) probability of extreme sea level in a future climate where only changes in the mean sea level are considered, that is when adding the projected relative sea level rise (RSLR) to the historical sea level time series (i.e., the superposition of astronomical tides and surges, including waves). Along the Mediterranean Sea the probability of a day with extreme sea level is higher than 40% for the 75% of locations). This probability is lower along the Atlantic coast, however it is still very large when compared with that expected when not taking RSLR into account, i.e. 0.3% ( fig. S1A ). The northern part of the Baltic Sea is the only region where -due to uplift (41) -a reduction of the probability of extreme sea level occurrence is projected ( fig. S1A ). SLR data from Hinkel et al. (2014) (18) combine SLR from four CMIP5 models (HadGEM2-ES, IPSL-CM5A-LR, MIROC-ESM-CHEM, and NorESM1-M CMIP5) with land-ice scenarios of water contributions from ice sheets and glaciers (17). Fig. S1B shows the change in the CF return periods between future and present climate, where the former takes into account future changes of precipitation, astronomical tides and surges, including waves, and relative mean sea level. About 90% of the locations experience a reduction of the CF return period smaller than about -70%. As for extreme sea levels, due to uplift (41), the northern part of the Baltic Sea is the only region where an increase in the CF return period is projected.
Compound flooding
Here, the changes in the CF return periods are based on empirical rather than parametric return periods. This is necessary to avoid practical issues in the computation of the parametric CF return period which arise from the large difference between the past and future relative mean sea level. To have consistency when computing the changes in the CF return periods, we employ empirical CF return periods both for present and future climate. The empirical return period (in years) is defined as T = 1/(365 * P emp CF ), where P emp CF is the empirical CF probability.
Relative SLR influence on extreme sea level and CF
Extreme sea levels
Most of the places experience an important increase of extreme sea level (larger than 1-year return level) days due to relative sea level rise (RSLR). Relative sea level rise is defined as the superposition of sea level rise (SLR) with
In particular, P emp CF is defined as the ratio of the number of days experiencing co-occurring univariate sea level and precipitation extremes over the length of the time series. The univariate extremes of the individual hazards are defined as the values exceeding the 98.5 th percentile thresholds of the sea and precipitation time series in the past. The latter thresholds are slightly smaller than those used in the main text of the paper (i.e., about ∼ 99.7 th percentile, corresponding to 1-year return levels) as the results are not trustable for higher thresholds when using empirical return periods due to evident spatial noise and potential biases.
Bivariate validation
The individual surge, wave and astronomical tide models have been evaluated in ref. S4F ). The model reproduces the large-scale pattern of the CF hazard, e.g. the tendency to higher CF probability along the western rather than eastern coasts of UK and Sweden. In both data sets, the astronomical tides reduce the meteorological-driven dependence between precipitation and storm surges (compare panel A with D, and B with E, in fig. S3 ), and the effective CF probability is reduced as well ( fig. S4 ). The confidence we have about the bivariate probability density function of more rare precipitation and sea level pairs decrease with the length of the available data. Therefore, given the shortness of the station data ( fig. S3 and S4 ), we computed return periods for potential CF defining precipitation and sea level extremes as values larger than the individual 99 th percentiles. This is slightly different from the 1-year return levels (∼ 99.7 th percentiles) used for getting the results of the main text, but there the length of the data is ∼30 years. Here, we do not consider the wave component of the sea level, as its short-term variability is not properly captured by the sea level stations, unless they are located off shore (17, 21). Data sources used for validation are: E-OBS (resolution 0.5°) for precipitation (43); the JRC tide gauge database for sea level; astronomical tides were filtered out from the observed data via the UTide (44) Matlab package.
In fig. S5 we compare the CMIP5 and renalysis based CF return periods (without including the astronomical tides, to focus more on the meteorological component). All of the models show an higher probability of CF along the Mediterranean coast. In this case, due to the natural variability, a comparison of the return period estimated from different models at the individual grid-point is misleading. Therefore, we compare the CF return periods of the different models aggregated over regions. As a result, the CMIP5 based return periods are usually inside the sampling uncertainty of the reanalysis based return periods ( fig. S5H ). However, it appears that CMIP5 models tends to systematically slightly overestimate the return periods with respect to ERA-Interim. Additional analyses indicate that this overestimation might be explained by the lower resolution of the CMIP5 models. We note that using the delta change approach for estimating the CF return periods in the future, we only employ the climate change signal from the CMIP5 models, rather than the CF return periods in the present climate.
Univariate return periods
To estimate the (univariate) return periods ( fig. S7 ), we fit the cumulative distribution function F (employing a Generalized Pareto Distribution (GPD)) to threshold excesses over the present 95 th percentile (computed over wet days for precipitation). Clusters of threshold excesses separated by less than three days were replaced by a unique event which assumes the maximum observed value during the cluster. The return period of extreme events
(1-year return levels, i.e. the ∼ 99.7 th percentile x 99.7 ), is T 99.7 = µ/(1 − F (x 99.7 )), where µ is the average time elapsing between the events used for the fit of the GPD. The GPD was fitted as explained in the Methods section of the main text. 2070-2099) and present (1970-2004) . Return periods of (A) extreme sea level (no SLR) and (B) extreme precipitation. Grey points indicate locations where only 4 or fewer out of 6 models agree on the sign of the return period change (3 or less out of 5 models in the Black Sea). 2070-2099) and present (1970-2004) , separately for individual models and regions (the latter are defined in fig. S5G ). In panel (A) the SLR-driven changes of the astronomical tide amplitudes are considered, in (B) these changes are not considered. In both panels, the additional mean SLR is not considered in the definition of future sea levels (see main text).
Regional effects of SLR-driven changes of astronomical tide amplitudes on chang- ) and precipitation (p 99.7 ) are the thresholds selected for computing the CF return period. The parametric extreme value probability density function (pdf) (red contour lines) is fitted only to pairs in D F IT , i.e. pairs whose individual components are simultaneously larger than the individual 95 th percentiles of sea level (s 95 ) and precipitation (p 95 ). In particular, the extreme value pdf was fitted to the red pairs (s, p); the red pairs are different from the original simulated black pairs belonging to D F IT , as the latter were pre-processed when they were separated by less than three days (see Methods). The extreme value pdf is obtained via copula theory as f SP (s, p) = f S (s) · f P (p) · c SP (u s , u p ), where f i are the marginal distributions of sea and precipitation values in D F IT , and c SP is the copula modelling the dependence between sea level and precipitation in D F IT . Here, c SP is a Gumbel copula (θ = 1.4), associated with a Kendall correlation equal to 0.29, and an upper tail dependence equal to 0.36. Future change of CF return periods based on individual models.
